Introduction
Apple (Malus domestica Borkh), a fruit of warm climate regions, is widely consumed in many countries of the world (BURAK; BÜYÜKYILMAZ; ÖZ, 1998) . Every year, approximately 60 million t of apples are produced worldwide. Turkey produces about 2.5 million t of apples every year. The main varieties which are produced in Turkey are Amasya, Starking Delicious, and Golden Delicious (TÜRKÍYE, 2004) .
Starking Delicious apples, known as table apples in Turkey, have a thick and yellow skin and a short stem, a yellowish-white and soft flesh, and an aromatic taste and odor. Apples belonging to Starking Delicious variety are harvested in September and October and then stored for winter consumption (GÜNEL; KARAÇALI, 1985; ÖZBEK, 1978; KAYNAŞ, 1987) .
One of the important factors that directly affect the quality of fruits is maintaining an effective cold chain system while transporting and storing them. In case of inadequate transporting and storage activities, there may be seen quality losses up to 30-40% .
Factors affecting the storage life of apple are known as variety, region, horticultural activities, climatic conditions, maturity level at harvest, and storage conditions (LUTZ; HARDENBURG, 1977) . It was reported that one fourth of the apples are spoiled worldwide before being consumed (SALUNKHE, 1974) . It is very important to minimize the metabolic activities of apple during storage, transportation, and marketing to preserve them effectively without any changes in their quality and preventing spoilage . Decomposition of nutrients follows harvest due to respiration of the fruit. Thus, it is important to minimize the respiration rate in order to increase the storage period of fruits (ERTAN et al., 1992) . Hence, harvested fruits should be taken into refrigerated storage immediately after harvesting. The rate of respiration decreases when temperature decreases and prolong the storage life of apples.
To lower the temperature of the fruit immediately after harvesting, pre-cooling should be done BULAGAY, 1986) . Pre-cooling is of fundamental importance in terms of keeping the quality and preventing the postharvest losses (KARAÇALI, 1993) . Ice-water mixtures are used in order to cool down the apples prior to refrigerated storage.
For effective apple storage, the temperature of the cold rooms should be between 0 and +4 °C, whereas the relative humidity should be 85-90% (PEKMEZCİ, 1975) . According to Kundakçı (1989) , apples could be properly stored from -1 to 0 °C and under 90-92% relative humidity without any loss of quality.
The aim of this research is to determine the effect of the period between harvest date and the beginning of cold storage significantly affected the increase in the pH values of the samples at the end of the second month (p < 0.05).
The pH values of all samples increased during the 8-month refrigerated storage, and at the end of the storage period, the pH values of C, A-6, A-12, and A-24 were recorded as 5.20, 5.25, 5.26 and 5.34, respectively. The pH values of the samples which were kept for longer holding time at ambient temperature prior to refrigerated storage were significantly higher than those of the other samples by the end of the refrigerated storage (p < 0.05). Tu, Nıcolaı and De Baerdemaeker (2000) revealed that during refrigerated storage of apples, an increase in pH values was observed. According to Tu, Nıcolaı and De Baerdemaeker (2000) , the initial pH values of Braeburn and Jonagld type apples were 3.47 and 3.38 respectively, whereas at the end of the 4 week-refrigerated storage, these values were found between 3.94 and 4.07. Koyuncu, Çavuşoğlu and Bakir (1997) , Koyuncu, Eren and Dolunay (2003) and Konopacka and Plocharski (2004) determined that the pH value of different types of apples showed increase, whereas the total acidity showed decrease during storage in their studies. Our findings are similar to those found by them.
Water soluble dry matter amounts of C, A-6, A-12, and A-24 were determined as 12.15% for each sample at the beginning of the cold storage. During the first 4 months of storage, water soluble dry matter contents of A-6, A-12 and A-24 increased continuously followed by a decrease until the end of the storage period. Although the sugar content of the samples decreased with respiration, hydrolysis of starch, and the increase in the maltose and glucose contents, an increase was observed in the amount of soluble dry matter of the samples (KARAÇALI, 1993) . The decrease seen after the 4 th month of storage resulted from the hydrolysis of sugar due to respiration and to water loss during storage. Ertan et al. (1992) reported that average water soluble dry matter content of an apple at the beginning of the storage was 12.3%, whereas this value was 14.2% at the 6 th month and 13.6% at the 9 th month of the storage.
According to the statistical analysis results, the holding period showed statistically significant changes in the amount of soluble dry matter of the samples (p < 0.05) Flesh firmness is known as an important quality attribute for apples (PORRITT, 1976; RENFU et al., 2007) . In the present study, it was determined that the holding period significantly affected the flesh firmness values of the samples during storage (p < 0.05). According to Özcan (1990) , the decrease in the flesh firmness values of the apples is due to the increase in solubility of protopectin because of enzymatic degradation and due to the decreased amount of protopectine. Due to high ambient temperature during the holding period prior to cold storage, the enzymatic activity and respiration rate increased, whereas the water content of the apples decreased. Abeles and Gahagan (1968) reported that respiration rate increased by a factor of 2-3 for every 10 °C increase in ambient temperature. Therefore, with the increasing rate of metabolic activity, the storage life of the apples decreases.
on the quality attributes of Starking Delicious apples during storage at 0.5 ± 1 °C and under 90 ± 1% relative humidity.
Materials and Methods
Starking Delicious apples were harvested from 8 apple trees in an apple garden in Denizli, Turkiye. After harvesting, the apples were divided into four groups, and the apples from one of the groups were immersed in ice-water mixture and immediately transported to refrigerated storage rooms. This group of apples was named as control samples. The other 3 groups were held for different holding periods of 6, 12, and 24 hours and were named as A-6, A-12, and A-24, respectively. After the holding periods, the apples were placed in refrigerated storage. The apples were held prior to storage in an apple garden at approximately 29 ± 2 °C. The apples were stored in a refrigerated storage room at 0.5 ± 1 °C and under 90 ± 1% relative humidity. This procedure was performed in quadruplicate.
During the cold storage of 8 months, weight loss, apple flesh firmness, amount of soluble dry materials, titratable acidity, pH value, ascorbic acid content, reducing sugar, and total sugar content were determined with a 2-month interval.
The flesh firmness of the samples was determined using an Instron universal testing machine Model J 140 with a probe of 11 mm diameter. 3 measurements were taken for each apple, and 5 apples were used for representing the each group. The amount of soluble dry matter was determined according to the refractometric method using an Abbe refractometer (2WAJ) (HOEHN et al., 2003) .
The pH values of the samples were determined with the potentiometric method using a HI 9321 microprocessor pHmeter (COSETENG; LEE, 2006) . Total acidity of the samples was determined according to TS 1125 in terms of malic acid (HOEHN et al., 2003) .
The ascorbic acid content of the samples was analyzed by a spectrophotometric method by using a spectrophotometer (UV-1601, Shimadzu) at wavelength of 500 nm. Inverted and total sugar contents of the samples were determined by the Lane-Eynon method.
Statistical analysis of the data obtained from the research was performed at the Ege University Computer Engineering Department with the SAS 6.12 software. The Tukey test was performed using the SPSS 10.0 statistical software.
Results and Discussion
The results obtained from the analyses are shown in Table 1 . As can be seen, the initial pH values of the samples, C, A-6, A-12, and A-24 were all determined as 3.77 just before they were taken into the storage rooms. It was determined that there were no differences between pH values of the samples from different groups of treatment. At the end of the second month of storage, the pH values of the samples increased up to 3.88, 3.91, 3.95 and 4.00, respectively, and it was seen that there were no statistically important differences between the pH values of the apples from different treatment groups (p > 0.05). Nevertheless, storage time Batkan; Kundakçi; Ergönül At the beginning of the cold storage period, the titratable acidity values of all samples were 0.30 g malic acid.100 g . The decrease in the acidity values of the samples Higher flesh firmness values were obtained for the control sample, whereas the lowest flesh firmness values were obtained for the sample which was held for 24 hours prior to cold storage. Apples which were transported into cold storage rooms immediately after harvest, kept flesh firmness for 6 months. However, after the 8 th month of the storage, similar firmness values were obtained for all samples (p > 0.05). This indicates that the apple samples reached over-ripening levels at the 8 th month of the storage. To keep the flesh firmness of the samples unchanged, it was important to lower the oxygen content in a controlled atmosphere room while increasing the carbondioxide level to decrease oxidation reactions and reduce the metabolic activity (STREIF, 1985; CHU, 1986) . the samples began to decrease. At the end of the 4 th month of storage, the starch levels in the apples were completely converted into glucose and maltose. Due to the extended storage period, maltose and glucose were spent because of the metabolic activity of the apples.
Conclusion
The results indicate that the holding period prior to storage had a significant effect on the changes in the chemical attributes of Starking Delicious variety apples during refrigerated storage at 0.5 ± 1 °C under 90 ± 1% relative humidity (p < 0.05). The over-ripening of the samples which were not held prior to storage occurred slower than that of the other samples which were held for different periods. According to the results obtained in this study, it is suggested that apples should be cooled down to 0.5 ± 1 °C and taken into refrigerated storage rooms immediately after harvest.
are known to be related with the high metabolic activity and rapid maturity of the fruit (ERTAN et al., 1993) .
The weight loss amount of the control samples at the end of the second month of storage was 0.98% when compared to their initial weight, whereas this value was 1.01% for A-6 and A-12, and 1.02% for A-24. No significant difference was observed for the weight loss values of the samples at the end of the second month of storage (p > 0.05). It was also determined that holding periods of the samples did not significantly affect the weight loss values of the samples (p > 0.05) in the second month of storage. At the end of the 8 th month of storage, weight loss values obtained for C, A-6, A-12, and A-24 were 3.63, 3.66, 3.62 and 4.02%, respectively. The weight loss of the apples from all groups significantly increased during storage (p < 0.05), but it was seen that the holding periods of the samples did not affect the weight loss values of the samples (p > 0.05). Peleg (1985) reported that weight losses of more than 5-10% cause significant wilting, low firmness, shriveling, and poor taste. In the present study, the weight loss of the samples was below the limit that determines poor quality. It has been reported that, a change in relative humidity would have a much larger effect at high than at low humidity (TU; NICOLAI; DE BAERDEMAEKER, 2000) . However, in the present study, the apples were kept in relative humidity controlled chambers, in which the relative humidity was kept at a constant value. Therefore, lower weight loss was recorded during storage.
As seen in Table 1 , at the end of the first two months of the storage period, the average titratable acidity value of the samples which were held for 24 hours (A-24) was lower than the others. At the end of the storage period of 8 months, it was determined by statistical analysis that there were no significant differences between the 4 samples in terms of total titratable acidity values (p > 0.05). Data indicates that after the 8 th month of the storage period, the apples reached full maturity (CEMEROĞLU; ACAR, 1986).
During refrigerated storage, the vitamin C contents of all samples decreased continuously. The decrease in vitamin C contents of the samples was not found statistically significant at the end of the 2 nd , 4 th , and 6 th months of storage (p > 0.05). On the other hand, after the 8 th month of storage, the decrease in the vitamin C contents of the samples became statistically significant (p < 0.05). In addition, there were significant differences between the decrease in the vitamin C contents of the samples which were held for 6, 12, and 24 months (p < 0.05). The decrease in the vitamin C content of the sample which was held for 6 hours was lower than the decrease in the vitamin C contents of the samples A-12 and A-24. It was understood that with the extended holding period, the loss in the vitamin C content of the sample was increased.
It was found that the storage period significantly affected the total sugar and reducing sugar contents of all samples (p < 0.05). In the first 4 months of storage, total sugar and reducing sugar contents of all samples showed an increasing trend. It is thought that this increase is related with the degradation of starch to glucose and maltose (ERTAN et al., 1992) . After the 6 th month of storage, total sugar and reducing sugar contents of
